Abstract. The nuclear reactor emits various kinds of nuclear radiations during operation. However, the main contributions to the radiation field in the reactor are given by neutrons and gamma rays. These radiation components are the principal concern of reactor shielding. In our study the neutron and gamma radiation dose rates at different depths in concrete bio-shield of the PWR were calculated based on spherical model for M-C simulation with using MCNP4C2. The simulation results were compared with the results obtained from calculations based on S8P3 spherical approximation with using the ANISN code.
I. INTRODUCTION
Operating nuclear reactor is a strong radiation source emitting many types of nuclear radiations. Several different types of potentially dangerous nuclear radiations created in reactor are α-particles, β-particles, recoiling fission fragments, neutrons, neutrinos, and gamma rays. The neutrons and gamma rays are produced simultaneously with the fission event, the fission fragments-highly radioactive nuclides emit α, β and γ-radiation. Neutrinos, due to small probability to interact with matter, do not play practically any role in radiation shielding problem, and is not taken into account in shielding calculations.The charged particles like α's, β's, and the heavily ionizing fission fragments, are readily stopped within, at most, a few centimeters of a dense material, so that, under normal operating conditions, most of charged particles do not penetrate beyond the fuel elements, and certainly not beyond the reactor core. Therefore, neutrons and gamma rays are the main sources of radiation to give the contributions to the radiation situation in the reactor during operation, and the principal concern of reactor shielding is to attenuate penetrative fast neutrons and energetic secondary γ-rays released in the core and shield. As the measurements of radiation levels in actual PWR shields are scarce, the calculation of these radiation levels is practically important for analyzing shield of the PWR. In this paper, the neutron and gamma radiation dose rates at various depths in concrete bio-shield of a PWR was calculated in spherical model by Monte-Carlo simulation based on MCNP4C2 [1] .
II. MONTE-CARLO CALCULATION OF DOSE RATES IN PWR CONCRETE BIO-SHIELD
In practice of reactor shielding calculation the PWR may be characterized by a spherical model [2] .The assumed geometry of a PWR is specified then in Table 1 . The neutron source distribution is given in Table 2 , this distribution corresponds to the condition of operating reactor at power level of 1910 Mwatt.
The radiation field in reactor core is basically composed of neutron and gamma radiation components. Reactor gamma rays are generally divided into two categoriesprimary gamma rays created from fission process or the decay of fission products, and secondary gamma rays originating from the interaction of neutrons with matter, either by neutron capture or by inelastic scattering.
For Monte-Carlo calculation of neutron and gamma radiation dose rates at various depths (from the shield surface) in concrete bio-shield of a PWR in spherical model with characteristics as described in [2] the reactor core is considered as a radiation source. The 30-group neutron transport and the coupled 30 and 12 group neutron and photon transport (in a single calculation both primary neutrons and primary and secondary photons are taken into account) were simulated based on MCNP4C2 with using source biasing and Russian roulette-splitting techniques for variance reduction in calculations.
The neutrons have been simulated until their energy went down to the energy threshold of 2.5.10 −8 MeV with thermalization in thermal energy range while photons have been simulated until the energy cutoff of 0.01 MeV.
The MCNP dose rate at a position in space can be estimated then as
Here F 2 (r A , E, Ω)-surface radiation flux; f (E)-flux to dose rate conversion factor; A− surface area surrounding the considered position. The flux to dose rate conversion factors for neutrons and photons are given in [3] and have been used in our dose rate calculations. The MCNP dose rates obtained by us from simulation of 2.10 9 source neutrons (for calculation of neutron depth dose rates with 43.5 hours of computer time on PC Pentium 
15.85
IV, Intel P4 2.66 GHz, Ram 256Mbx2) and 10 9 source neutrons (for caculation of gamma ray depth dose rates with 114 hours of computer time on on PC Pentium IV, Intel P4 2.66 GHz, Ram 256Mbx2) are given in Tables 3 and 4 together with the results obtained from the similar calculations based on S 8 P 3 spherical approximation with using the ANISN code [2] for comparision. As for total dose rates they are shown out in Table 5 .
It is noted that the relative differences between MCNP and ANISN results change from 7.1% (at depth of 9.02cm) to 339.69% (at depth of 109.02 cm) for neutron depth dose rates, 0.9% (at depth of 39.02 cm) to 26.18% (at depth of 89.02 cm) for gamma ray depth dose rates and 5.67% (at depth of 9.02 cm) to 64.14% (at depth of 89.02 cm) for total depth dose rates, respectively. At the outermost shield surface (corresponding to the depth of 209.55 cm) the above relative difference is 54.87% for neutron dose rate and 15.85% for gamma ray dose rate while for total dose rate this relative difference is 16.17% .
The differences between MCNP and ANISN depth dose rates may be explained by the fact that the different computational methods and nuclear data sources are used in MCNP4C2 and ANISN codes. Meanwile dose rate calculations with using MCNP4C2 are based on Monte-Carlo method (probabilistic method of calculation) and cross-section data taken from multigroup data library ENDF-V for 30 and 12 group neutron and photon transport calculation, similar calculations with using the ANISN code are based on discrete ordinate method (deterministic method of calculation) and cross-section data taken from DLC-23/CASK [4] for 22 group neutron transport and 18 group photon one. Besides, in our MCNP dose rate calculations the flux to dose rate conversion factors were determined based on data given in [3] by linear or logarithmic interpolations for each energy of a neutron or photon, but for ANISN dose rate calculation one has used flux to dose rate conversion multipliers for 22 and 18 group neutron and photon structures.
III. CONCLUSION
The neutrons and gamma rays are the radiation components giving the main contributions to the radiation situation in the operating reactor. Calculation of radiation levels in PWR shield is practically important for shield analysis. In this study the neutron and gamma ray dose rates at different depths in a concrete bio-shield of PWR were calculated for spherical model by M-C simulation with using MCNP4C2. The comparison of MCNP and ANISN-based calculation results showed that the MCNP and ANISN dose rates are in large difference for neutron, but they are in good agreement with errors lower than 26% for gamma. Especially at the outermost shield surface the MCNP and ANISN-based calculation results are in good agreement for gamma dose rate as well as for the total dose rate with errors around of 15-16%.
